Abstract-This paper presents a detailed measurement based characterization of the Ultra Wideband (UWB) channels in a data center environment and examines the accuracy of direct ranging using Time of Arrival (ToA)measurements. Modern data centers present a unique indoor environment that to our knowledge has not yet been characterized. Our ranging experiments indicate that it is possible to achieve an accuracy of fraction of a meter via direct ranging and point to the feasibility of locating individual servers using more sophisticated cooperative ranging. Fig. 1 . A row of racks in a data center
I. INTRODUCTION Wireless propagation channels have been investigated exten- sively in the literature, particularly in the cellular communicaIn recent years, Ultra Wideband (UWB) communications tions context and a large number of channel models are availhas received great interest from both the research community able in the literature. The signal that has propagated through and industry. UWB transmissions are subject to strict power a wireless channel consists of multiple replicas (echoes) of regulations and thus are best suited for short-range communi-the originally transmitted signal; this phenomenon is known cations. The IEEE standards group on personal area networks as multipath propagation. The different multipath components (PANs) is actively working on UWB based communications (MPCs) are characterized by different delays and attenuations. under Wi-Media (previously 802.1.5.3a task group) alliance The correct modeling of the parameters describing the MPCs and 802.15.4a task group. UWB has been adopted as the could provide a better understanding of radio propagation underlying technology for the Wireless USB (Universal Serial in these channels [ ] . In this paper, we focus on wideband Bus) standard -a wireless replacement for the popular wired signals. USB interface, and also being developed by the Wi-Media. With the use of a ultra wideband signal, a channel model Although WUSB is designed for the client space, its ubiq-that describes the radio propagation in an indoor medium uity will allow it to be exploited in servers for creating an out-can be described by one of three channel models: tap-delay of-band fabric which can be used for a variety of applications line Rayleigh fading model used in IEEE 802.11, the Salehin a data center. The objective of this paper is to lay a Valenzuela (S-V) model [2] 2 [-3] , and the A-K model [X] .
foundation for a new application scenario for UWB in data Based on a detailed set of studies, IEEE 802.15.3a committee center management e.g., asset location. This paper presents settled on a S-V model to enable comparison of various a characterization of UWB wireless channel model in data technologies in the WPAN area ["] . The SV model assumes centers via direct measurements and examines the accuracy of that the MPCs arrive in clusters rather than in continuum ranging using Time of arrival (ToA) technique. and this aspect has been verified using indoor measurements The rest of the paper is organized as follows. In section II and is shown by our measurements as well. This is a result we briefly describe some basic concepts of wireless channel of the very fine resolution the UWB waveforms provide. In characterization and discuss previous work, particularly the particular, multipath reflections and diffractions from various IEEE 802.15.4a channel models. In section III we describe our indoor objects that differ by 0.3 m in traveled distance will measurement setup, methodology, challenges and results. We arrive at the receiver 1 ns apart. also compare data center model against the IEEE 802.15.4a indoor models. In section III-E we apply the data center B. Data Center Environment channel characteristics to the asset location problem in the A data center can be compared with a library room where data center. Finally, in section IV we conclude the paper and we have several metallic racks containing servers. The racks discuss future work.
are 78" high, 23-25" wide and 26-30" deep Path loss, cluster power decay, and ray decay phenomena cumulative distribution functions of ray inter-arrival times and discussed above are all deterministic in nature. In reality, there cluster inter-arrival times, respectively. Fig. 4 also shows the Sare also small scale random signal variations or amplitude V model fit (labeled as single Poisson process), and a mixture fading that must be considered. One way to characterize this of two Poissons, which was proposed as a modified S-V model is by considering cluster and ray power as a random variable for the indoor data in [ ]. The Poisson mixture is based on with associated mean and standard deviation. The standard the following equation: deviations oc and or then become essential parameters of P(Tcr -Tcr-i > Y) = j3e-1Y + (1 -73)e-2Y (5) the S-V model and need to be estimated. The distribution of the amplitude itself is important and is typically found to be where A1 and A1 are mean ray arrival rates and 13 is the Lognormal, Nakagami or Rayleigh. mixture probability Fig. 4 shows clearly that the modified The third aspect of interest is time variance of the channel. S-V model provides a better fit to the data than the single Wireless channel characteristics are influenced by environmen-Poisson process. For cluster inter-arrival times in Fig. 5 are expected to be small and infrequent, and time variance However, the latter cluster arrivals correspond to multipaths characterization may be unnecessary. Our measurements vali-due to reflections from the wall of a data center. daeti*ocuio ssonltr Fig. 6 shows the path loss (PL) in dB versus the distance between different receivers (Rxs) and the transmitter (Txs). Fig. 6 shows that the path loss exponent is less than 2 and II*U BCANLCAATRZTO is slightly more than 1. That is, the path loss in a data A. Measurement Setup center decreases much slower with distance than in free space. The measurements were conducted in a medium sized This is due to the fact that a large number of diffractions data center using an Agilent 8719ES vector network analyzer and reflections taking place in the metallic racks and other A RaylIntra Arrival Times from normal indoor, whereas this is not the case for general In case of NLOS, the first received signal peak is not the industrial environments.
strongest and may not be used for ToA measurement since the Table II compares the power delay characteristics in the measurements usually pick out the strongest received signal. four environments. One interesting observation vere is that In other words, the bias in distance measurement will have a the number of clusters in the data center is very small -just positive mean. In general, it is not known whether a given two in most cases. This again results fromethe fact thatbeyond received signal falls in LOS or not. Thus, the individual the level of racks, there are no more reflectors or diffractors in estimations may include both LOS and NLOS (biased) estithis environment. Indeed the cluster decay constant of 8.2ns, mates. The subsequent step of doing estimation from collective which corresponds to about 2.5m distance, indicates that we measurements (not discussed in this paper) can be used to are unlikely to see many clusters. This is also corroborated by estimate the bias. the mean number of clusters of 2.1 within the data center. Fig. 13-14 [ -0]) . In this ray with significant power could be a multipath signal and paper we concentrate only on (a) and provide some results on not a direct path signal. For each Rx location, 25 different achievable ranging accuracy in data centers. measurements were performed and hence range estimates, in With UWB, range measurement can be made either using 3 -8 GHz spectrum, were obtained. Fig. 13 shows the true RSS (received signal strength) or ToA or a combination of distances of the Rxs, the mean, the median, and the trimmed the two (assuming that the WUSB radios are equipped with mean (mean of the remaining data after throwing out the these capabilities). 
